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Owing to the great abundance and destructiveness of the codling 
moth (Laspeyresia pomonella L.) in the Grand Valley of Colorado, 
the Bureau of Entomology of the United States Department of Agri- 
culture, in cooperation with the Colorado Agricultural Experiment 
Station, undertook in 1915 a study of its life history and control. 
The biological study was concluded the following year, but the control 
investigations continued during 1916, 1917, and 1918. 

In this report are given the more important results of the spraying 
experiments and some suggestions for the control of the ecodling moth 


in the Grand Valley. 


1Jn 1915 and 1916 the senior author was in immediate charge, assisted by E. R. Van Leeuwen, of the 
Bureau of Entomology, during the former season and by H. K. Plank, also of the bureau, during the 
latter. In 1917 Mr. Plank had charge of the project, assisted by Leo. C. Antles, of the Colorado Agricul- 
tural Experiment Station, and during the following year Mr. Antles carried out the experiments under 
the general direction of Mr. Plank and the Colorado Experiment Station. 

Dr. A. L. Quaintance, in charge of fruit insect investigations, Bureau of Entomology, and Dr.C. P. 
Gillette, George {. List, and Claude Wakeland, of the Colorado Agricultural Experiment Station, made 
many helpful suggestions throughout the course of the work. The writers also wish to express their 
appreciation for the cooperation of the Grand Valley fruit growers. 

2 Resigned June 30, 1920. 
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THE GRAND VALLEY OF COLORADO. 


The Grand Valley is one of the most important fruit-growing 
regions of Colorado, having approximately 15,000 acres devoted to 
such fruits as apples, pears, peaches, plums, cherries, and bush fruits, 
About 10,000 of these acres are planted to apples and 2,500 to pears, 
both of which (and particularly the apple) are heavily attacked by 
the codling moth. 


LOCATION AND TOPOGRAPHY. 


The Grand Valley is in the western part of Mesa County and ex- 
tends from Palisades to Fruita, about 32 miles. The valley follows 
the course of the Grand River and is generally level, except for the 
sections known as the Fruit Ridges, which are somewhat elevated 
and rolling. The district of Orchard Mesa, although higher than the 
rest of the valley, is typical level, or mesa, land. The lower part of 
the valley is approximately 4,500 feet-above sea level and the upper 
district at Palisades is about 4,800 feet in elevation. 


CLIMATE. 


The climate is comparatively dry, and the crops are irrigated 
principally by means of water taken from the Grand River. The 
annual precipitation is but 8 to 9 inches, and during the five months 
from May to September, in which season the apple and codling moth 
are developing, the rainfall amounts to only from 3 to 4inches. The 
mean normal temperature during the same period is about 70.6° F. 
COMPARISON OF THE CLIMATIC CONDITIONS OF GRAND JUNCTION, COLO., AND 

ROCHESTER, N. Y.3 

Since the development and severity of the codling moth are largely 
influenced by climatic factors, it may be of interest to compare the 
weather conditions of the Grand Valley with those of the western 
New York apple belt. Under the semiarid conditions that exist in 
the Grand Valley, the codling moth causes great injury to the fruit 
crop and is very difficult to control, whereas under the relatively 
cooler and more humid conditions of western New York the codling 
moth is much less troublesome. 

In Table 1 will be found data giving a comparison of the mean 
normal temperature and precipitation of Grand Junction, Colo., and 
Rochester, N. Y.* It will be noted therein that the total normal 
precipitation in the Grand Valley during the growing season, or from 
May to September, inclusive, is only about one-fourth as much as in 
western New York and that the mean temperature is about 6° F. 
higher than that of Rochester, N. Y. 


‘Midst of the western New York apple belt. 
# Climatological data, U.S. Weather Bureau. 
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TABLE 1.—Comparison of mean normal temperature and precipitation, Grand Junction, 
Colo., and Rochester, N. Y. 


Gr Bnd onerous Rochester, N. Y. 

Month. Mean Mean Mean Mean 

normal | normal | normal | normal 

temper- | precipi- | temper- | precipi- 

ature. tation. ature. tation. 

Serie Inches. 8 Inches. 
MSL pens ay iets ae Bale ects alee jet aitinrsieieia aid, atcislecnyeials chdimsia,a sie 58.9 0. 92 56. 7 2.94 
STU Gee ese oe Fe ee oe Sth set ti ce coy iia ine SER Sire laline 72.6 0. 40 65. 9 3. 13 
SILLY ent ee Nee cto ak aie ins Deine ie metas Sai cisine as ele wie sicle 79. 2 0. 50 70.4 3. 09 
PANTO UIS tetas eam ese a octets te Sale ek scree oan eta aii eg 76.1 1. 04 68. 3 2.96 
NOPLOMDOEA -ctece Sacco e 5 sun ce a cere ae care SPER EE eee Ss 66. 4 0.95 61.9 2.32 
IASVerace OTsbotalape ws ae as Sek ce sis sed see tere eee 2 70. 6 3. 81 64. 4 14. 44 


In the course of the life-history investigations in the Grand Valley 
it was found that a female moth deposited as many as 316 eggs and 
that several laid over 300 eggs each.’ In other localities where the 
Bureau of Entomology has conducted similar investigations, the 
fecundity of the female moth has never been found to be so high. 
The nearest approach to the individual egg production in the Grand 
Valley was found in the Pecos Valley of New Mexico, where like 
climatic conditions obtain and where one female moth was recorded 
to have produced 259 eggs.® In the fruit belt of western Michigan, 
where the weather conditions approximate those of western New 
York, the most eggs laid by a moth, according to the records of 
A. G. Hammar, was 161.’ 

It has been quite generally established that semiarid climatic 
conditions are very favorable to the development of the codling moth, 
whereas humid conditions and lower temperatures retard its develop- 


ment. 
SPRAYING EXPERIMENTS IN THE GRAND VALLEY. 


Spraying experiments were conducted in several orchards during 
the seasons of 1915, 1916, 1917, and 1918, on representative apple 
varieties. The results herewith presented, however, are confined to the 
Ben Davis and Gano, since the Grand Valley fruit growers generally 
experienced more difficulty in controlling the codling moth on these 
than on any other commercial varieties. 

In the spraying experiments described an attempt was made to 
time the spray applications according to the development of the 
codling moth as indicated by the life-history studies and field obser- 


5 Siegler, E. H., and Plank, H. K. The Life History of the Codling Moth in the Grand Valley of Colo- 
rado. U.S. Dept. Agr. Bul. 932. 1921. 

6 Quaintance, A. L., and Geyer, E. W. Life History of the Codling Moth in the Pecos Valley, New 
Mexico. U.S. Dept. Agr. Bul. 429. 1917. 

7Hammar,A.G. Life History Studies on the Codling Moth in Michigan. U.S. Dept. Agr. Bur. Ent. 
Bul. 115, Pt.1. 1912. 
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vations. These studies revealed the fact that there are two full 
broods of larve and a partial third during the growing season in the 
Grand Valley and that these overlap to a certain extent, some larve 
hatching practically every day. In general, the hatching of each 
brood of larve begins first in small numbers, then in increasing 
numbers until the maximum is attained, after which there is a gradual 
decrease until the last larva of the brood has hatched.2 A tentative 
spraying schedule, based on certain intervals between applications, 
was adopted and closely adhered to throughout the work, except 
when it seemed advisable or became necessary to deviate therefrom. 


SPRAYING EXPERIMENTS IN 1915. 


The growing season of 1915 was extremely abnormal in so far as it 
related to the crop of apples and abundance of the codling moth. 
The fruit crop of the valley was practically destroyed just as the petals 
had dropped by the freezes of May 2, 3, and 4. Temperatures as 
low as 22° F’. were recorded in some sections, killing apples and pears 
except at Palisades where peaches constitute the chief crop a ma 
few smudged orchards located elsewhere. 

The sore orchard of Mr. Gus J. Johnson, of Highland Park, was 
among those that were partly saved by the ile use of oil heeices 
and was available for experimental purposes. (Pl. I, fig. 1.) This 
orchard consisted of the Ben Davis, Jonathan, Black Twig, Winesap, 
and Rome Beauty varieties and was divided into 10 plats, including 
the unsprayed or check plat. 

In Tables 2 and 3 will be found data of the experiments. Two 
spray poles were used, one of which was operated from the top of the 
spray tank and the other from the ground. Bordeaux nozzles were 
used for the calyx treatment except in Plat VI, and nozzles of the eddy- 
chamber or whirlpool-disk type were employed for all cover sprays in 
all of the sprayed plats except in plat VI; in this plat Vermorel nozzles 
were used in all applications. Plats I, ile and IX, located in different 
sections of the orchard, received identical treatment, a total of four 
cover sprays, two for the first brood and two for the second and third 
broods. Plats III and IV were given five cover sprays each, the 
former receiving three for the first brood and two for the later broods 
and the latter two for the first and three for the subsequent broods. 
Plat V was given a total of three cover sprays, two for the first 
brood and one for the broods that followed. Plat VI was sprayed 
throughout the season with a very fine mist spray delivered by 
Vermorel nozzles under a pressure of 90 pounds. Two cover sprays 
were applied for the first-brood larve followed by two more cover 
sprays for the second and third broods, making four cover treatments 
in all. Plats VII and VIII were given the same number of applica- 


8 For further details see U. S. Dept. Agr. Bul. 932, The Life History of the Codling Moth in the Grand 
Valley of Colorado, by the present authors. 
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tions as plats I, II, VI, and IX, but in plat VII homemade arsenate 
of lime paste * was substituted for arsenate of lead paste, and in 
plat VIII commercial arsenate of lime powder was used. Plat X 
was unsprayed for comparison with the treated plats. 


TaBLE 2.—Spraying schedule for the codling moth, Johnson orchard, Grand Valley of 
Colorado, 1915. 


Calyx spray. Cover sprays—first brood. Cover SPrAys Sean and third 
) 
Number of A. B. Ce D. IDE 100 G. 
plat —— | 
3 to4 21 to 22 z 10 to 11 21 to 24 
Petals off, weeks days acegee weeks days oo a8 S 
May 5-7. after A, after B, TF og after A, after E, Nate on 
May 24-26. | June 14-15. > | July 16-17.| Aug. 6-9. Bee: 
1 epee pee Ay Cae IES Gages Second EER Yu Gli ate 2 Ns Sree ape Fourth IMO Aas 
If os 32 ee a ea Oy Sc ete Ore! RSAC OM Maan | Ptier cee ren OM ee Oars 
TOUTE ee aig ts Bes Se aed) ae Ay RdOes sees Lek Bee Vent Oe et BOUTG hsb pe ee S Doxey nee 
ENV ea a SN ok a 8 CR ie dogs RIG OM AEE se SEC ORNS EAT: ae Hourthes sae itt hee. Sixth. 
Ni i a SO rt OE doses One ae HSL ONOVES Seeds el ees ee ar IO OIE ears Wye a ates vol! 
Vali tp ees ete AEA Eee GOte Pkt A dOweeE ee LUMYG Ko) a ated | Bra ae RA SEO ee Hh hee 
WAG Ce SOO tyne eral Pee Gost see S(O KO} NE, Sues FAG COVE eas P| Lan alate aes Obed sey 8 Cerise 
WAT DES S32 2.8 Ris ty ae Goes PROVO) Sk Sa BE RGIO A He alee seal do Gone | 
ENCE eae ye ee te et LO Niger feck SACOM ee ae oh 20 OTe Ar | (eens ea ClO) ees alten dose 
DiG4 Ss Oa TAS OER! CON YELENA Ss ae TEA Ue We Ae dP eh eB OA 


TaBLE 3.—Treatment of plats for the codling moth, Johnson orchard, Grand Valley of 
Colorado, 1915. 


Spraying equipment. 
Number ; a 
of plat Spray materials. Pressure. 
Calyx spray. Cover sprays. 
Pounds. 
eee Arsenate oflead, paste, 2pounds—50...} 200-225 | Bordeaux nozzles.| Whirlpool-disk nozzles. 
Ife Sa Ue ae hae CGV ee See ee oe ea Ta 200-225 |e =. domae seen Do. 
NOG eee ee (ORO) i Pate ate dE NS tan a hs etek 200-225 |....- CO lOVese Mies stn se Do. 
SVR Soe We ote ee ase BEE APL ROR Re ome aE ae 200-225 |... .- Gosh Vo yen Do. 
WA esta Re aa CUO oe NOS ee AVN ee he Pe a oe pun 200-225 |....- Goer ee Do. 
NVI Seat oil Ua eas Coppa O r3 ey be Par es te GE Sore tat 90 | Vermorel nozzles. .| Vermorel nozzles. 
VAL Te Be Arsenate of lime, homemade, 21] 200-225 | Bordeaux nozzles .| Whirlpool-disk nozzles. 
pounds—350. ? 
VATS: 2:9 Arsenate of lime, commercial powder, 00-225 |....- £0 Was ops aN, RNC Do. 
# pound—s0. 
1D: Gas Arsenate of lead, paste, 2 pounds—50..| 200-225 |..._. dora sear ene Do. 
2652 eee IRC heck——Un SPrayed ce cna te Ree e nee Seales Moca he Cuba le 


The results of these experiments will be found in Table 4, by 
reference to which it will be seen that plats I, II, and IX, the treat- 
ments of which were alike, produced from 52.88 to 68.41 per cent of 
fruit free from worms. Under the varying conditions that exist in 
most orchards, such as unevenness of insect infestation, likelihood of 
moth migration, differences among the trees in the crop yield, and 
other contributing factors, uniform results can not always be obtained. 
Because of these conditions in commercial orchards one section fre- 
quently is wormier than another, although the treatment is uniform 


° For method of preparation see U. S. Dept. Agr. Bul. 278, Miscellaneous Insecticide Investigations, by 
E. W. Scott and E. H. Siegler. 
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throughout the orchard. Plat III, in which three cover applications 
were made for the first brood and two for the later broods, produced 
the best crop of apples from the point of insect control, 72.22 per cent 
of the fruit being free from worms. Plat IV was treated with the 
same number of cover sprays as plat III, but the number of applica- 
tions for the broods was reversed, and with this treatment 66.48 per 
cent of the fruit was free from worm infestation. In plat V only 
three cover sprays were applied, and the treatment resulted in 62.21 
per cent of uninfested fruit. As previously noted, plat VI was 
sprayed five times by means of Vermorel nozzles with a pressure of 
but 90 pounds, producing a very fine mistlike spray. Generally 
speaking the results indicate that this treatment was as effective as 
the other methods employed, there being 63.78 per cent of worm-free 
fruit. The low-pressure mist spray also gave as good results as the 
high-pressure coarse sprays in preventing the entrance of larve 
through the calyx end of the apple. It should be borne in mind, 
however, that in commercial spraying a reasonably high pressure of 
200 to 250 pounds will increase the speed of the work and that the 
distribution of the spray material is likely to be more thorough than 
when applied under a low pressure. 

Arsenate of lime, both homemade and commercial, as used in plats 
VII and VIII, gave comparatively poor results. 

The unsprayed or check trees, plat X, were very wormy, giving 
but 13.51 per cent of fruit free from larve. 

-The sprayed fruit was well protected against the calyx entrance 
worms except in plat VIII. With this exception, the percentage of 
wormy apples infested at the calyx in the sprayed plats varied from 
3.72 to 5.92. The unsprayed plat produced 55.06 per cent of wormy 
fruit infested at the calyx. 


TABLE 4.—Summary of results of spraying for the codling moth, Johnson orchard, Grand 
Valley of Colorado, 1915. 


peel e | a. (a,~ lias ltpeceesver Eau ees 
selina} 839 CIBESS | Per cent of worms = aS 2 
|B ji2 |3 |S | Sq | Gncluding extra) * rpplestatested’= & |B eral 
=p) men t= Ba 5 = 2 | entering apples. | : eee te 
aja |Ssa|sa|sé | SB |S28| oP) Ba 
[RSS EES) Seo | 3 |ye| 2s | of 
| rem Uren esis ole) Sis rally Pe EAB tos. 
Plat. | 3S | 5§ Be | Es q 8 | S |'9%)581'ae 
| = |98)58 | 83/155 g Sq /Felsg 
pS ge] ee an) AB lo | : Shee S322 
— = | BS) |) axe ok x“ “ al : “ a ef |}s2o|] se 
5 go oD } mas] =) =| ical ° | == Ty) Lae a 
aries = pe had (ite ton ie ss) 2 Ss = = So ofS are S) 
pois) Ss 8 5 | & °) na ” rS) na 2 5 420 > Si 
= iS | © > > j; ~ ~~ ~ = p=) = | > =) (3) 
Zp VE A St mate et eet a ea eee |e | Aas | 
| | | 
Pee tere 5| 4,208] 2,952} 0.70] 1. 5a 2 a 97.43} 0.24) 3.72] 95.91] 0.38] 5,306, 1.26) 40.54) 55.87 
UR ee eS: 12} 9,356) 7,347; .79) 1.67) 3.17|96.49) .34] 5.29) 94.38 34/17, 873) 1.91) 33.56) 52.88 
1d eee 6) 2,192; 844 .39) 1.39) 3.44) 96.09) .47) 4.76) 94.58 66] 2,067; .94; 52.12) 72.22 
ee 5} 3,174) 1,523) .48) 1.43) 4.14) 95.40) .46) 5.92) 93.52) .56] 3,131, .99) 44.27] 66.48 
ae hs Sea 7{ 6,005) 3,567) .59) 1.57) 2.75) 96.92| .34) 4.32) 95.24) .44) 5,549) .92) 53.51) 62.21 
WEE ECR y 7| 3,708) 2,013) .54| 1.50) 3.87] 95.83) .30) 5.81] 93.89) .30) 3,450 .93) 48. 50} 63.78 
WIEFS 2S. 4) 1,785! 2,182) 1.22) 1.86, 2 38| 97.25} .37| 4.42] 95.15) .43] 2,098) 1.18) 56.49) 34.17 
VIiil 3) 1,601) 2,308) 1.44) 2.00) 6.50) 93.15) .35) 12.98) 86.76) .26) 1,320) .82) 52.36) 27.80 
DE 10| 7,613] 3,438] .45| 1.43] 3.72] 95.75} .52) 5.32} 94.18} .50| 7,337] . 96| 49. 39) 68. 41 
Xe oes 3} 2, pat 5, rate, 1.80} 2.08) 26.45) 72.31) 1. ig 55. 06) 43.87) 1.07 | a 90 4 13. 51 
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In the treated plats over 90 per cent of the worms actually infesting 
the fruit gained entrance through the side of the apple and less than 
7 per cent entered by way of the calyx. In untreated plat X 72.31 
per cent of the larve entered through the side of the fruit and 26.45 
per cent through the calyx end. It will thus be seen from these data 
that one of the chief difficulties in controlling the codling moth in the 
Grand Valley of Colorado is to prevent the larve from entering the 
apple through the side. 

In the sik where arsenate of lead was employed the average 
number of larve for worm-infested fruit varied from 1.39 to 1.67, 
whereas in the arsenate of lime plats this average was increased to 
1.86 and 2, and in the unsprayed plat there was a further increase to 
2.08 larvee for each wormy apple. The higher the percentage of 
apples free from worms the lower the average number of worms per 
apple. Thus in plat III, where the best control was obtained and 
where 72.22 per cent of apples were free from worms, there was an 
average of only 0.39 larva per apple, and in plat X, which was un- 
sprayed and yielded but 13.51 per cent of worm-free eat, there were 
1.80 larvee per apple. 

In scoring results, account was taken of the so-called codling 
moth ‘“‘sting’’ (PI. ID). The sting is a shallow excavation extending 
through the skin of the apple into the flesh to a depth of about one- 
sixteenth to three thirty-seconds of an inch. It is caused by newly 
hatched larve that only succeed in eating their way through the 
skin before succumbing to the poison, or, for other reasons, do not 
penetrate deeper into the fruit. In the sprayed plats the average 
number of stings per apple varied from 0.82 to 1.91, whereas in the 
unsprayed plat the average was only 0.12. 

It is the belief of the writers that, with a uniform infestation and 
crop and with other factors equal, the number of stings is directly 
proportional to the number of worm-free apples. In other words, 
if the spray treatment is effective, the only indication of worm attack 
will be found in the sting marks, and these will increase within 
certain limits as the number of worm-free apples increases. In the 
case of unsprayed fruit, the worms are not subjected to a poison, 
and hence what might result in only a sting in a sprayed apple 
becomes a worm hole in the untreated fruit. It should not be 
inferred, however, that unsprayed fruit is totally devoid of stings, 
for sting marks sometimes occur on untreated fruit and may be 
accounted for by larvee which start an entrance hole and then change 
to another place, or by larve that, before penetrating very far into 
the fruit, are blown off by wind, brushed off by foliage, or washed off 
by heavy rains. 


SPRAYING EXPERIMENTS IN 1916. 


In 1916 the Gus J. Johnson orchard, at Highland Park, and the 
J. D. Nettleton orchard, at Fruitvale, were used for experimental 
purposes. 
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In the Johnson orchard the principal part of the experimental 
work was a test of the efficiency of coarse sprays applied with a short 
rod and Bordeaux nozzle in comparison with mist sprays applied by 
means of spray poles equipped with whirlpool- disk nozzles. 
The short rod referred to consisted of a piece of iron pipe about 
1 foot in length, to one end of which was attached a Bordeaux nozzle 
and to the other a cut-off to which the hose was connected. Under 
a pressure of 225 to 250 pounds and with the nozzle sufficiently open, 
the spray was practically a solid stream as it left the nozzle, but 
broke up more or less as it reached the tree. This type of spraying 
apparatus had been used by many Grand Valley growers for several 
seasons in preference to the spray poles, formerly employed, because 
it rendered spraying less burdensome and increased the speed of the 
work. The spray gun, which was subsequently developed, is an 
improvement over the short rod, in that the character of the spray 
can be readily graduated from fine to coarse. 
The spray history of the experiments in the Johnson orchard will 
be found in Tables 5 and 6. 


TaBLE 5.—Spraying schedule for the codling moth, Johnson orchard, Grand Vailey of 
Colorado, 1916. 


Calyx ! Cover sprays—second 
spray. Cover sprays—first brood. andithirdiprasde: 
A. B. G: Ds 182 Jae G. 
Number of plat. 
Petalsog, | weeks, | “Gays | Wdeys) |) days 1) 2 ee eee 
May 2-3. | after A after B, after B, | after C, | otter A Briere F 
ay i M D June 12. June 16. June 26. p | 
ay 29. July 8. | Aug. 11-18. 
5 Geta fel UHR A a irsteeeeee coconut 4 Dota bet | Fourth ING Se Sixth 
10 REE ees Map (CKO sa bat Sell ase ORE EE: OL PEN A pa ee ace OMes Ole as (0) 
u SRS UL Mirae RL do BA es do. AIST Neate Tm LCURAT ad 2) AMA eye NT ei | renee ee 
AVS es oes US ee ee || Sh Once ee OE EOC H A) Tepe eee OR UN Re Ra aie BOM ae 
UES ASS » Unreal ESCO ee ent aa (GVO PRAM Aaa PLR hy [pis Si. Aes al a Third ens Fourth 
IVT Des ERS i eh GON BP yf GOES Nase | Rt ee ae ee PRE ty eis) RSI UR SE Maa lowe ess 0. 
AVALB aes oe SIR Reise ae CO) EYE) ER HN le a te Seat ts | eh i 1 Ses Loa Se A ee (i a ae 


TaBLE 6.—Treatment of plats for the codling moth, Johnson orchard, Grand Valley of 
Colorado, 1916. 


Spraying equipment. 
Num- 
ber of Spraying materials. 
plat Calyx spray. Cover sprays. 
Df Ses Arsenate of lead, powder, | Spray poles and Bordeaux | Spray poles and whirlpool-disk 
1 pound—50. nozzles. nozzles. 
JO Dphes 2s COS e Ian elon ab VaR Short rod andBordeaux nozzle | Short rod and Bordeaux nozzle. 
JB ead Ce Koy Sat a a aN SN 2 aI ad Spray poles and Bordeaux | Spray poles and whirlpool-disk 
nozzles. nozzles. 
LO Wet telat eae Bey GOgns see Pe IOAN Yaa SD aM Short rod and Bordeaux nozzle | Short rod and Bordeaux nozzle. 
Vee ccc ene GOS SRA Deen Seen Ene Spray poles and Bordeaux | Spray poles and whirpool-disk 
nozzles. nozzles. 
WALES 5 es (Oe EDA UE GM TE PRES tats ea Short rod and Bordeaux nozzle | Short rod and Bordeaux nozzle. 


WirEe ss). Check—unsprayed..-.........-. | AS SRY ke NE | oh es 
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Fic. |1.—THE JOHNSON EXPERIMENTAL ORCHARD. 


Fic. 2.—APPLE INFESTED BY THE CODLING MOTH, THE YOUNG LARVA 
HAVING ENTERED FROM THE SIDE. 


CONTROL OF THE CODLING MOTH IN THE GRAND VALLEY 
OF COLORADO. 
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Fic. |.—CoDLING MOTH “‘STING’’ ON SIDE OF APPLE. 
NATURAL SIZE. 


FIG. 2.—VERTICAL SECTION THROUGH A CODLING MOTH “‘STING.”’ 
ENLARGED. 


CONTROL OF THE CODLING MOTH IN THE GRAND 
VALLEY OF COLORADO. 
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By reference to Table 7 it will be noted that-in each instance the 
coarse sprays, as applied with the short rod and Bordeaux nozzle, 
gave control inferior to that on the plats treated with the poles and 
whirlpool-disk nozzles. Thus, plat I, fine spray, yielded 89.48 per 
cent of fruit free from worms in comparison with 79.54 per cent in 
plat II, which was-treated with the coarse spray. In plat III, 
sprayed with the disk nozzles, there was 85.05 per cent of uninfested _ 
fruit, whereas in plat IV, treated by means of the Bordeaux nozzle, 
there was but 71,06 per cent of fruit free from worms. Again, in 
plat V, which was treated with the fine spray, there was 89.70 per 
cent of worm-free fruit in comparison with 81.43 per cent in plat VI, 
which was sprayed with the Bordeaux nozzle. The untreated plat, 
plat VII, produced 30.98 per cent of fruit free from worms. 

It is the belief of the writers that the coarse sprays do not adhere 
so readily to the fruit, especially to the waxy skin of apples of the 
Ben Davis type, as do the fine mist sprays. It is believed further 
that the distribution of the poison is more thorough with the spray 
poles and disk nozzles than with the short rod and Bordeaux nozzle. 

The results of this experiment considered as a whole seem to show 
that three cover sprays were more efficient than five. But this an- 
omaly may perhaps be accounted for by the fact that there was no 
fruit in plats V and VI the preceding year, it having been destroyed 
by the spring freezes; hence, there being no overwintering larve on 
these trees, the infestation came solely from moths that migrated 
from other trees. | 

A further study of Table 7 will show, as in the experiments of 
1915 (Table 4), that the average number of worms per apple was 
lowest where the best control was obtained, with a range in this 
respect among the sprayed plats of from 0.14 to 0.40. In the 
unsprayed plat there was an average of 1.43 worms per apple. The 
spray material readily checked the worms from gaining entrance 
through the calyx, over 90 per cent of the larve having entered the 
fruit through the side. In the sprayed plats from 2 to 9.99 per cent 
of the wormy fruit was infested at the calyx while in the unsprayed 
plat 28.43 per cent of the wormy fruit was caused by larve that en- 
tered by way of the calyx. 

The average number of stings in the sprayed plats for all apples 
varied from 0.34 to 0.82 and in the unsprayed plat the average 
number was 0.23. 
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CONTROL OF CODLING MOTH IN COLORADO. 11 


A series of experiments was conducted in the Nettleton orchard, 
but the results were largely vitiated by frosts during May shortly 
after the setting of the fruit. As a consequence of the low tempera- 
tures, small frost pits or cracks in the epidermis developed in much 
of the fruit, particularly around the calyx end of the apple. It was 
practically impossible to force the spray material into these pits 
which thus served as an ideal place of entrance for the worms. 
Since the frosted fruit was unevenly distributed in the several plats, 
there was no fair basis on which to draw a comparison of the value 
of the different treatments. 


SPRAYING EXPERIMENTS IN 1917. 


The major part of the experimental spray work during the season 
of 1917 was done in the orchard of the George Smith estate, at 
Orchard Mesa. This orchard consisted of approximately 20 acres of 
Ben Davis apple trees about 20 years of age and of fairly uniform 
size and vigor. The orchard was divided into 17 blocks, or plats, 
all of which were treated, except the two check plats XVI and 
XVII, located in diagonally opposite corners of the orchard. The 
treatment of the several plats and the schedule of applications are 
presented in Tables 8 and 9. ‘ 

A power sprayer delivering about 225 pounds pressure was em- 
ployed in all of the liquid-sprayed plats, and a power dusting ma- 
chine was used in the three dust-treated plats. With the exception 
of plats XIV and XV, which were sprayed by the owner, all of the 
plats were cared for by the experimental force. In the first or 
calyx treatment the sprayed plats were sprayed by means of two 
spray poles, equipped with Bordeaux nozzles, one of which was 
operated from the spray tower and the other from the ground. In 
applying the cover sprays, the Bordeaux nozzles were replaced by 
the whirlpool-disk type nozzles, except in plats XIV and XV, 
which were treated by the owner. In plat XIV the use of the Bor- 
deaux nozzles was continued, for the cover applications, throughout 
the season; in plat XV a spray gun, operated from the ground, was 
employed for all cover sprays. 
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TABLE 8.—Spraying schedule for codling moth, Smith orchard, Grand Valley of Colorado, 


ATT: 
Calyx spray. Cover sprays, first brood. Cover Spieys, aed and third 
Num- 
Ray A. B. C. D. | E. ins | G. | LEE I 
of a 
plat: 19 to 22 | 11 to 13 la 10 to 13 8 wes : | 36 days 
| j 7 J 
Petals off May (days after ae a ater | | days | after A ‘hans after F, 2s 
24-29. A, June | B, e| 2 iter C, | July 1S | Ae 1@ | Aug. 23-|% = A 
fois, | 39-25. alt OF 0 aii Ou ATT Tee come aieme 
] | 
| Mitst je See | Second... eae enon He ee eres | Fourth... | Fifth. se ee | Sixth... 
aS Soe Beese do. 222 ee5 [2.00322 3 22dos 2 os 82 eels dose) cde esis eel ae Gols] 
irises an eee 7 Pega es Nae do 214 do: Sp Sere iaee x dosiee|e ps. 522 sss, [ezcdoses 
ee 2s dos ete ted Gea: AOL ek eee een | ee dOsie2|.ederes digest. S206 
Veer eee GOet see [ie SOG eee | ae Seen Peathargs Satie oe eer | POUTEH SS | Pete eee | Fifth... 
PEO Pro E: ikea Bar Sees iy seed Bee | Fourth.) Fifth..22)2222222.. | Sixth. 
“V7 Tl El (eae dose Soot Seaclee= 0083.5 45 Soe el does | does |e ee eee do... 
Vy DIeea has doe EReHETe OE e Sike | hird 1a ves 78 Fourth..|........- | Fifth... 
Dicks Sh aes dG. eee ae do WARS ses ee Fourth ; Pifth >= |,Sixths|_ ee Sev- 
; enth. 
X__:_.| Calyx spray | First....| Second..|.....-...- Third...| Fourth..|........- Fifth... 
omitted. | | 
peter Al BT SG oe oe = ge | Second:4)"Thurdes4: PEDERI | OTRAS | a Sixth... 
> CU Bee doe Bria = EO AALS dow tee Bae. doLiesh|) Mao Ake | 5 ee [>t SOE ees 
Xai ee se 0 eee eee ae « -d0Gee Sed Oe SS ae Sse |b Se GOs 552 |s42002 se cee aeons |s=adess- 
RAV 2-| 4.6 Gos seek EGOS htt dO! Aue SER eee do. dos. : jee adores 
Qa dos et eee. OO css | Ofer eee Gish OSes tee [dors 
MVE 2] Chie ek— am 75522 ee | SERRE SRR | PaaS LES Raa LPO SS Sea cee oe ea Eee a eee 
| sprayed | | 
OVAL: AS ESE QeThe ee |-2 Sh. LAE ea | Se. JAE Re ee es ee ee Ee ee 


TaBLE 9.—Treatment of plats for codling moth, Smith orchard, Grand Junction, Colo., 


fb ON 
| : x 2 
i | Spraying and dusting equipment. 
Aaa Spray materials and supplemental contrcl measures. 
Calyx spray. Cover sprays. 
pe ees ee s Arsenate of lead, powder, 1 pound—s0, and codling | Spray poles and | Spray poles and 
moth traps. Bordeaux noz-| whirlpool-disk 
zles. nozzles. 
II__....| Arsenate of lead, powder, 1 pound—s0 Sects eee eee elocne™ COS eases re ae Do. 
III. ....| Nicotine sulphate, 40 per cent, 4 pint—d0-.--......-... | See GOs eee Do. 
IV ......| Arsenate of lead, powder, 1 pound—50, and nicotine |----- OSs = =f eae Do. 
sulphate, 40 per cent, 3 pert ae | 
Yee | Arsenate of lead, powder, 1 pound—s0, and codling | eee GOs. 22 see Do. 
moth traps. | 
7/3 ee | Arsenate of lead, powder, 1 pound—s0, and fish-oil -..--- GOn ea eee eae Do. 
soap, 2 pounds—a0. 
VII.....) Arsenate of lime, powder, ? pound—d0................ eases GOesc se ecees Do. 
VIII....| Arsenate of lead, powder, 1 pound—d0.................)----- GG. eee Do. 
BX fe Heo 1 Leh he rei ati hates Wee bia = FE Se 3 pedo m 2 De. 
PRES erate GQ ee oe eee es oe 8 te ee Calyx spray | Do. 
omitted. | 
xe Arsenate of lead, 20 per cent, and hydrated lime, 80 | Power dusting| Power dusting 
per cent. machine. ~ | ~ machine. 
DG fee cee Speer lead, 15 per cent, and hydrated lime, 8 |.-.--- doso2 Seo | Do. 
per cen 
XII...) Arsenate of lead, 10 per cent, and hydrated lime, 90 |...-- Gon Ss sae | Do. 
per cent. 
XIV....| Arsenate of lead, powder, 1 pound—S0..---.......2..- | Spray poles and | Spray poles and 
| Bordeaux -noz-| Bordeaux noz- 
zles. zles. 
SIAR SOs Eee GOS. Beek SEE rece Set eee ee Se ee ees 0922s 5--45228- | Spray gun 
VASE =| CHECK an SPE Od oe ee eee eee | 
VLE: .- SOO s35 Soest ees ee ees a ee es So ee eee | 
4 | 
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All the plats, except the unsprayed checks and plat X, were given | 
the calyx treatment. The total number of applications varied from 
five to seven, with six in the majority.’ Plats I, IH, III, and IV 
were given the same number of applications, three cover sprays for 
the first brood and two for the second and third broods. Plats V 
and VIII had but four cover sprays of lead arsenate, two for the first 
brood and two for the later broods, and in addition plat V was pro- 
vided with the codling-moth trap appled to each tree. Plats VI 
and VII were sprayed throughout the season at the same time as 
plats I to IV, but, as described later, received different treatment. 
Plat IX received the largest number of applications, three cover 
sprays for the first brood and the same number for the second and 
third broods, making a total of six cover treatments. Plat X was 
given five cover sprays, but, as previously mentioned, the calyx 
treatment was omitted. Plats XI, XII, and XIII were given treat- 
ment at the same time as the other plats having five cover applica- 
tions, but the dusting method was substituted for the liquid. 

Arsenate of lead, powder, at the rate of 1 pound to 50 gallons of 
water was used in all of the sprayed plats, except plat VII, in which 
arsenate of lime, powder, three-fourths pound to 50 gallons, was 
employed, and plat III, where 40 per cent nicotine sulphate, diluted 
1 part in 800 parts of water, was used. Forty per cent nicotine 
sulphate at this strength was also used with arsenate of lead in plat 
IV, and in plat VI fish-oil soap, 2 pounds to 50 gallons, was used as a 
spreader and sticker. Codling-moth traps, described on pages 35-38, 
were used in plats I and V. Plats XI, XII, and XIII were dusted 
with arsenate of lead mixed with hydrated lime as a filler in the pro- 
portions shown in Table 9. In plat XI a dust mixture containing 
20 per cent of arsenate of lead and 80 per cent of hydrated lime was 
used; in plat XII, the arsenate of lead was decreased to 15-per cent 
and the hydrated lime increased to 85 per cent. Plat XIII was 
treated with 10 per cent of arsenate of lead and 90 per cent of hydrated 
lime. Plats XIV and XV were sprayed by the owner with arsenate 
. of lead and, as previously stated, plats XVI and XVII were untreated 
throughout the season. 

The summary of results of these experiments is presented in 


Table 10. 
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CONTROL OF CODLING MOTH IN COLORADO. 15 


Plat VI, which was sprayed six times with arsenate of lead and 
fish-oil soap, yielded 78.06 per cent of apples free from worms, which 
was the highest percentage of uninfested fruit in the orchard. Also 
the average number of worms for all apples was as low in this plat 
as in any other. The percentage of all apples free from worms and 
stings in plat VI was 46.22, which was not as high as that obtaining in 
plats IX (46.44 per cent), V (47.84 per cent), and IV (49.82 per cent). 
Plat IX produced the next best results, 76.53 per cent of all the fruit — 
being free from worms as a result of seven applications of arsenate of 
lead; plat V, with five treatments supplemented with the codling-moth 
trap, yielded 72.29 per cent of uninfested fruit; plat IV, 72.05 per 
cent, with six applications of arsenate of lead and nicotine sulphate. 
Two other plats, I and VIII, produced 70.99 and 73.49 per cent of 
worm-free fruit, respectively; the former being sprayed six times with 
arsenate of lead, supplemented with the codling-moth trap, and the 
latter having only five applications of arsenate of lead. Plat II, 
which received six applications of arsenate of lead, yielded but 62.10 
per cent of worm-free fruit and but 27.04 per cent of fruit free from 
worms and stings. Apparently the infestation in this plat was some- 
what heavier than that which prevailed in some of the other plats. 
Plat III was treated six times with nicotine sulphate, which resulted 
in but 37.97 per cent of fruit free from worms. The percentage of this 
fruit free from stings was relatively high (88.62 per cent), a condition 
which would naturally be expected, owing to the fact that the majority 
of the larve that attacked the fruit were able to enter it without being 
killed by the spray. Attention is called to the fact that in this plat 
(plat III) 18.07 per cent of all the worms infesting the apples entered 
by way of the calyx end and that 22.39 per cent of the wormy apples 
were infested at the calyx. In plat VII arsenate of lime was used with 
unsatisfactory results, there being 36.51 per cent of worm-free apples 
and -only 20.33 per cent of the fruit free from worms and stings. 
Plat X was sprayed at the same time as the plats that had six treat- 
ments, except that the calyx application was omitted, thus making 
a total of five treatments. The percentage of worm-free fruit was 
46.33, and the percentage of all apples free from worms and stings was 
25.36. It is worthy of note that the percentage of worms entering 
the calyx was high (29.83 per cent), and that 37.42 per cent of the 
wormy apples were infested at the calyx. 

Plats XI, XII, and XIII were dusted six times with mixtures con- 
taining 20, 15, and 10 per cent of arsenate of lead, respectively. The 
results of these treatments indicate quite conclusively that dusting is 
unsatisfactory for the control of the codling moth in the Grand 
Valley. With as much as a 20 per cent lead arsenate mixture only 
40.75 per cent of the fruit was free from worms; with a 15 per cent 
lead arsenate mixture there was 34.58 per cent of worm-free fruit; 
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and with a mixture containing 10 per cent of lead arsenate there was 
only 14.38 per cent of uninfested fruit, all of which would indicate 
practically no control. Furthermore, the dust was not nearly so 
effective as the liquid sprays in preventing the entrance of worms at 
the calyx. 

The two plats sprayed by the grower, plats XIV and XV, produced 
a lower percentage of control than those treated by the experimental 
staff. Plat XIV, in which spray poles and Bordeaux nozzles were 
used throughout the season, yielded 40.21 per cent of uninfested 
fruit, whereas plat XV, in which the spray gun was employed for the 
cover sprays, gave but 30.22 per cent of worm-free fruit. 

The abundance of the codling moth in this orchard is indicated in 
plats XVI and XVII, both of which were untreated and which pro- 
duced but 8.83 and 8.54 per cent of worm-free fruit. The number of 
stings in these plats, as was to be expected, was not large, there being 
88.16 per cent of fruit free from stings in plat XVI and 87.42 per cent 
in plat XVII. It will be further noted that in these plats the per- 
centage of calyx worms was large, 30.26 and 28.92 per cent, respec- 
tively, with 47.09 and 47.50 per cent of the wormy apples infested at 
the calyx end. 


Copuinc-MotH Trap EXPERIMENTS IN 1917. 


A section of the J. B. Hunter orchard near Fruita, Colo., consisting - 
of Ben Davis and Gano apple trees, was divided into three plats. 
Plat I, containing 60 trees, was banded and sprayed; plat II, having 
108 trees, was provided with the codling-moth trap and sprayed; 
while plat III, 99 trees, received no other treatment than five spray 
applications as described below. . 

The spray applications, five in all, were made by the grower on all 
the plats as follows: Calyx spray applied June 1-2; first cover spray 
June 14-16; second cover spray July 11; third cover spray July 27; 
fourth cover spray August 16.. A power sprayer was. used throughout 
the season and this was equipped with Bordeaux nozzles for the 
calyx application and whirlpool-disk type nozzles having a large 
aperture disk for all of the cover treatments. 

The data obtained from the examination of the dropped and har- 
vested fruit from eight trees in each plat will be found in Table 11. 
It will be noted therein that plat III, which had only the spray 
treatment, produced 76.56 per cent of fruit free from worms, a higher 
percentage than that of plats I and II, which received theoretically 
better treatments. There is no logical explanation for these results 
other than the possibility of unevenness of infestation and yield of 
fruit. 
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In Tables 12 and 13 will be seen the data obtained from examinase — 
tions of the bands and traps. From 56 banded trees 8,805 larve 
and pupe, or an average of 157.23, were taken, and from 20 codling- 
moth traps 3,941 larvee, pupz, and moths, or an average of 197.05, were 
secured. The destruction of so large a number of individuals should 
aid gradually in obtaining better control despite the fact that the 
experimental data for this, the first year, indicate otherwise. 

Part of the orchard of Charles Lamb near Highland Park was also 
used for the codling-moth trap experiments. This was sprayed by 
the grower who used the short rod equipped with a Bordeaux type 
of nozzle in making all the spray applications. In addition to the 
calyx treatment, six cover sprays were applied. Plat I was sprayed 
and trapped, plat II was sprayed, and plat III was untreated. 

The results of the fruit examinations of eight trees in each of plats 
I and II and four trees in plat III are given in Table 14. In plat I, 
which was sprayed and trapped, 50.54 per cent of the dropped and 
harvested fruit was free from worm infestation; whereas in plat II, 
which was merely sprayed, there was 64.54 per cent of uninfested 
fruit. The unsprayed plat produced 11.45 per cent of fruit free 
from larvee. 

It will be noted in Table 15 that 5,512 larve, pupe, and moths 
were collected from 20 codling-moth traps and that the average per 
trap was 275.6. 

In the Smith experimental orchard, where the principal spraying 
experiments of 1917 were conducted, examinations were made of 20 
codling-moth traps in plat I and of 15 in plat V. The results are 
presented in Tables 16 and 17, in which it will be seen that in plat I, 
6,186 larvee, pups, and moths, or an average of 309.3 per trap, were 
secured, while in plat V a total of 4,673 or an average per trap of 
311.53 individuals were captured. 
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As will be noted in Table 10, plat I yielded 70.99 per cent of 
fruit free from worms, an improvement in favor of the traps over 
plat II, which was untrapped but received the same number of 
spray applications (six in all) and which yielded 62.1 per cent of 
worm-free fruit. On the other hand, the traps did not improve the 
results in plat V, which, like plat VIII, received a total of five apph- 
cations, the yield of worm-free fruit in these two plats being 72.29 
per cent and 73.49 per cent, respectively. 

From the foregoing experiments it will be seen that the traps 
captured an average of from 197.05 to 311.53 individuals per tree; 
but contrary to what might be expected, the reduction in the num- 
ber of insects was not generally followed by a corresponding de- 
crease in the percentage of wormy fruit. This would appear illogical, 
and it will therefore be necessary to make further tests covering a 
longer period of time before the value of the codling-moth traps as 
a supplementary control measure can be determined. 


SPRAYING EXPERIMENTS IN 1918. 


The spraying experiments in 1918 were conducted in the Red 
Cross orchard on a block of Gano trees about 13 years of age. These 
trees were subdivided into 12 plats, of which 10 were sprayed and 
the remaining 2 were untreated checks located in diagonally opposite 
corners of the orchard. 

Table 18 shows the treatment given in the different plats. Arse- 
nate of lead, powder, at the rate of 1 pound to 50 gallons was used 
in all of the sprayed plats, except in plats IX and X where the 
strength was reduced to one-half pound to 50 gallons. Fish-oil soap 
at the rate of 2 pounds to 50 gallons was used as a spreader and 
sticker for the arsenate of lead in plats III, IV, VII, VIII, and IX. 
The codling-moth trap was applied to all trees in plats I, III, V, 
and VII. 

The sprays were applied by means of a power sprayer delivering 
about 225 pounds’ pressure to two leads of hose. Two spray poles 
were employed in all treatments, one being operated from the tower 
and the other from the ground. .In the calyx application Bordeaux 
nozzles were used, but these were replaced by whirlpool disk nozzles 
for the cover sprays. 

As shown in Table 19, plats I to IV received, in addition to the 
calyx treatment, five cover sprays, three for the first brood and two 
for the later broods, and plats V to X were given one less cover 
spray, making a total of four, two of which were applied for the 


first-brood larve and two for protection against the second and 
third broods. 
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TaBLE 18.—Treatment of plats for the codling moth, Red Cross orchard, Grand Valley of 
Colorado, 1918. 


Spraying equipment. 
ae Spray materials and supplemental control measures. 
Calyx spray. Cover sprays. 
1 ES eee Arsenate of lead, powder, 1 pound—s0, and codling- | Spray poles and | Spray poles and 
moth traps. Bordeaux noz- whirlpool disk 
zles. nozzles. 
ER re | Arsenate of lead, powder, 1 pound—50.................|..-.. do2es ae Ae N Do. 
eee | Arsenate oflead, 1 pound—8d0. fish-oil soap, 2 pounds— |..... GOs ee Do. 
50, and codling-moth traps. : 
TV......| Arsenate of lead, 1 pound—50, end fish-oil soap, 2 |..... CO Le Gees Do. 
pounds—50. 
Vis Se Arsenate of lead, powder, 1 pound—s0, and codling- |..... (8 (a) as i | Do. 
moth traps. 
Vie Arsenate of lead, powder, 1 pound—s0............-....|....- GOS Ese ee oe ee Do. 
VII1.-....| Arsenate oflead, 1 pound—s0, fish-oil soap, 2 pounds— |...-. doe ees Do. 
50, and codling-moth traps. | 
VIII....| Arsenate of lead, 1 pound—50, and fish-oil soap, 2 |...-. doi S27 Lass i Do. 
pounds—S0. | 
TX. ....}; Arsenate of lead, 4 pound—S0, and fish-oil soap, 2 |..-.. do: tae ae Do. 
ounds—S0. 
XG he: Arsenate/ot lead.-4 pound—50. (224. Sve. ivi hee COP ee Do 
xe Checks pra yeds= oso eee Soe ee ase pe Sean er a ne 
XII sO Onde. Pe case Bes EE Ss AU TR A ar LA A Rte re meee 


. TaBLE 19.—Spraying schedule for the codling moth, Red Cross orchard, Grand Valley of 
Colorado, 1918. 


Cover sprays—second 


| 
5 
spray. Cover sprays—first brood. | and third broods. 
| 
| | | 
A. | Be | C. D. E. F. | G. 
No. of plat. | | | 
3t04 | 9days 8 to9 
Petals off, | weeks aiter | after B, | ies = es weeks after 2 eas 
May 10-14.) A,June | June | June 15-17. | June 23-24.| A, JUV | aug 10-15 
3-5. 12-13. | nde: Sees g : 
Pea a hee a ae oe ES Gaca Se Second....} Third..... | Pe ee ae Fourth ifthe. = Sixth 
I Wp a EE O o Sed One ese Sec cene eens end Owe AGO Es Do 
ey oe es do G02 226 ees G (ye es a eee Stee doz. 1d0>- Do 
MV ee Bee rine ete doe aes ees GOSS sees sd Onan oa eee ee ere (6 a ee do Do 
NEL eae et Oe eee do SAQOk 3 Sh aes ae PIG oo oA ae eee ees Fourth Fifth 
AWA Eee be Be eee do GO aap Wave ee Dees EGOS er oas cae se meee Ofsss3 0 
AVAL Seen Soe ee SS ee do 200 (Neate es Ae ececet at COs seer een me do Do 
AVR Tee pee es ae oe do eee (Vays eae eee yaa mets (0 ie ial UO See, SENS do Do 
ee ee Pee eee do.. [AsO Os 2oo asus eseaeale. SOs. ts ae ee a ee Oa as ee DO 
DAT RS pane eal (EN GO ee a ee eee Res (opt re ae be 8 Mies et do Do 
SGT es ee i) Gheek <ul whee Ree Al eS oat a Se ees I scaeete ah: Saab a meena ee 
45 Ce Sere ee a a Ope ope etc ones ek Jl mae ements Were ssees Pees eer 


The results of these experiments are summarized in Table XX. 
The best results were obtained in plat IV in which 77.36 per cent of 
the fruit was free from worms and 60.36 per cent was free from both 
worms and stings. This plat was sprayed six times with arsenate 
of lead and fish-oil soap. Plat III, which had a hke number of 
applications of the same materials and in addition was provided 
with the codling-moth trap, yielded 71.80 per cent of fruit free from 
worms and only 42.78 per cent free from both worms and stings. 
None of the other plats produced satisfactory commercial returns, 
and in plat VIII, which was sprayed five times with arsenate of 
lead and fish-oil soap, but 21.23 per cent of fruit was free from 
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worm infestation. Plat VI, which was given five applications of 
arsenate of lead alone, produced 37.88 per cent of fruit free from 
worms. It will thus be seen that in these experiments the addi- 
tion of soap did not in all cases increase the percentage of worm- 
free apples, nor did the codling-moth trap appear to have any dis- 
tinct value. In plats [IX and X the arsenate of lead strength was 
reduced to one-half pound to 50 gallons, and, all factors being taken 
into consideration, the results indicate that this strength is as effec- 
tive as 1 pound to 50 gallons. The unsprayed plats XI and XII 
produced 8.43 and 24.08 per cent of worm-free fruit, respectively. 

The percentage of calyx entrants was somewhat higher in the 
unsprayed than in the sprayed fruit, but the difference in this re- 
spect is not so great as is usually found in spraying experiments for 
the control of the coding moth. The unsprayed fruit was com- 
paratively free from the codling-moth sting, which is in accord with the 
experimental data obtained in the preceding years. 
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SUMMARY OF RESULTS. 


The principal points of interest in connection with the experi- 
mental spray work in the Grand Valley of Colorado may be briefly 
summarized as follows: 


SEASON oF 1915. 


The highest percentage of fruit free from worms obtained in the 
experimental plats in 1915 was 72.22, in a plat which received six 
applications of arsenate of lead paste, 2 pounds to 50 gallons. In 
the unsprayed plat there was but 13.51 per cent of worm-free fruit. 
Arsenate of lime, both homemade and commercial, gave poorer 
control than arsenate of lead. In the control of larve that attempt 
to enter the fruit by way of the calyx cavity the results indicate that 
a low-pressure fine mist spray is as effective as a high-pressure coarse 
spray. The number of stings per apple was considerably less in the 
unsprayed than in the sprayed fruit. 


SEASON OF 1916. 


The best result during the season of 1916, 89.7 per cent of the fruit 
free from worm infestation, was obtained in a plat sprayed four times 
with arsenate of lead powder, 1 pound to 50 gallons. In the unsprayed 
plat 30.98 per cent of the fruit was uninfested. The primary object 
of the season’s work was to test a coarse spray applied by means of a 
short rod equipped with a Bordeaux nozzle in comparison with a fine 
spray apphed with spray poles and whirlpool-disk type nozzles. The 
results indicate that better control was secured with the finer sprays 
applied with the spray poles. 


SEASON oF 1917. 


The highest percentage of fruit free from worms in 1917 was 78.06, 
as a result of six applications of arsenate of lead, 1 pound of the 
powder to 50 gallons of water, to which fish-oil soap was added at 
the rate of 2 pounds to 50 gallons. Two unsprayed plats yielded 
8.83 and 8.54 per cent of fruit free from worms. Another plat 
sprayed with six applications of arsenate of lead, but without fish-oil 
soap, produced 62.10 per cent of worm-free fruit, thus indicating 
that the addition of a soap spreader was of some value. The results 
with the codling-moth trap did not indicate that it materially aided 
in the control of the codling moth during the time of the experiments. 
Nicotine sulphate gave poor control and in combination with arsenate 
of lead apparently had very little value in reducing worm infestation 
or sting injury. Arsenate of lime gave unsatisfactory results. The 
dust treatments were even more ineffective. The plat in which the 
calyx spray was omitted was heavily infested at the calyx end. 
Five spray applications produced practically as much good fruit as 
seven. 
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SEASON oF 1918. 


In 1918 in a plat sprayed six times with arsenate of lead and fish- 
oil soap at the usual strengths 77.36 per cent of the fruit was free from 
worms, this being the highest percentage of worm-free fruit obtained 
during the season. In two untreated plats, 8.43 and 24.08 per cent 
of fruit were free from worm infestation. The use of fish-oil soap in 
combination with arsenate of lead gave somewhat variable results. 
The codling-moth trap was of little value as a supplemental control 
measure. Arsenate of lead powder, one-half pound to 50 gallons, was 
about as effective as when used at twice this strength. 


SUGGESTIONS FOR THE CONTROL OF THE CODLING MOTH IN THE 
GRAND VALLEY OF COLORADO. 


The experience of the writers and others who are acquainted with 
Grand Valley conditions indicates that the codling moth presents a 
very difficult problem. As previously stated, there are two full 
broods of larvee per annum and a partial third brood. The moth is 
extremely prolific because of the warm dry climate, and, as a result, 
the apples are exposed to large numbers of newly hatching larve 
practically every day during the development of the fruit. 

The primary object of spraying is to cover the fruit and foliage 
with poison, and when this is properly distributed good protection 
is obtained fora time. Itis, however, quite impossible in commercial 
spraying to coat completely all parts of the fruit, and further, as the 
apple develops in size it gradually outgrows the spray residue. The 
result is, that with numerous larve seeking a place of entrance, somé 
will start feeding where there is no poison, gain entrance, and thus 
produce wormy apples. It is not commercially profitable to spray 
too many times during the season, but a sufficient number of applica- 
tions should be made at such intervals as constantly to provide a pro- 
tective coating of poison on the fruit, paastaul ais) when the larvee 
are hatching in large numbers. 

As a result of the life-history investigations in the Grand Valley 
and other places, it has been found that the development of the cod- 
ling moth from the time of hatching of the first eggs of the season — 
does not as a rule vary to any great extent and that an average can 
be struck which, over a series of years, would usually represent the 
approximate development of the insect with sufficient accuracy for 
spraying purposes. 

Some growers of the Grand Valley have attempted to ascertain 
the time to spray by making observations in the orchard, such as 
inspection of the leaves for eggs and of the fruit for newly entered 
larve. The writers are inclined to believe that this particular method 
as practiced by the fruit grower is unreliable and frequently mislead- 
ing, although regular and systematic inspections over a considerable 
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portion of the orchard will sometimes give information of value. As 
a rule, however, fruit growers have neither the time nor patience to 
undertake a careful orchard survey. On account of seasonal varia- 
tions, calendar dates for making applications can not be depended 
upon, but a schedule based on certain intervals following the dropping 
of the blossom petals will usually result in timely spraying. 

In formulating the control of the coding moth it is very important 
that the approximate time of the first hatching of each brood of larvee 
and the relative number of worms that are developing from time to 
time be known. Complete and reliable data of this nature were 
obtained in the foregoing life-history studies, and with these data 
at hand it is believed that the most effective time for making the 
spray applications can be established. 

The spray schedules that follow are based on the life-history studies 
of 1915 and 1916 and take into consideration the time when each 
brood begins to hatch, the time when the larve are hatching in large 
numbers, as well as the time when hatching occurs in maximum 
numbers. Three sets of schedules, I, II, and II, all starting from the 
time 90 per cent of the petals have dropped, are presented in Table 21, 
by reference to which it will be seen that schedule I calls for five 
applications and is intended for orchards having a relatively light | 
infestation and for varieties on which the codling moth is not difficult 
to,control; schedule IT, six applications, for a medium infestation and 
for varieties on which the codling moth is moderately difficult to 
control; schedule III, seven applications, for a heavy infestation and 
for varieties on which the codling moth is most difficult to control. 

The codling moth is normally abundant in the Grand Valley, and 
apples such as the Ben Davis, Schackelford, and other susceptible 
varieties will usually require schedule III, or seven treatments, 
especially if from previous neglect or other cause the infestation is 
very heavy; whereas, under similar conditions of infestation, varieties 
hike theWinesap, on which the codling moth is more readily controlled, 
will require a smaller number of applications, as in schedules [ or II. 
The degree of infestation varies somewhat from year to year and in 
the different fruit districts, and, as previously stated, the control of 
this insect varies with the different varieties. For these reasons, no 
one schedule will meet the demands of all the growers, and it will be 
necessary for each individual to forecast in advance what his conditions 
are likely to be and spray accordingly. 
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. TABLE 21.—Spraying schedules for the codling moth in the Grand Valley of Colorado. 


Applications. 
iB ite IgGl 
ot eae Medium . 
Spray Lightin- |; nfestation | Heavy in- 
aay x te : 3 enage festation | ond with | JeStation 
Application. we Time of application. and with .With | and with 
Ssce varieties | Y@tleNes | Varieties 
tion : on which | == 
on Which | the codling| 02 Which 
the codling tions the codling 
moth is aades™ mothis — 
| not diffi- Tcl Rae difficult 
| cult to ealnin to 
control. | a ate al control. 
. | 
Calyx spray ---.-...- A. Begin when 90 per cent petals have | First___... Hirshose se First. 
crops and finish before calyces | 
close. 
Cover spray, first B. 3to4 weeks after A, just previous to. Second..... Second.-...| Second. 
brood. time when Srst-brood larve begin to ; 
hatch. 
Wot. see eS Cz 10 to 12 days after B, just previous to |___._______. Thirds .-) Third. 
hatching of first-brood larve in large 
numbers. 
WO Sheree cee ae D. | 15 to 17 days after B, just previous to | Third_...- 
hatching of first-brood larve in |; 
maximum numbers. 
Monti tes. ets E. | 10 to 12 days after C, for late hatching |___..__. s.... Fourth...-} Fourth. 
first-brood larve. 
Cover spray, second! F. 9 to 10 weeks after A, iust previousto | Fourth.... Fifth...... | Fifth. 
brood. time when second-brood larve begin | 
to hatch. : 
WOE essen G. 24 t0 26 days aiter F) just previous to jc 2-22-26 | SExthe 
hatching of second-brood larve in | 
large numbers. 
Coverspray,second! H. 34 to 36 days after F, just previousto | Fifth...._. Sixths 55% 
and third broods. hatching of second-brood larve in | 
maximum numbers and for protec- | 2 
tion against third-brood larve. 
iD Reena Se meee I. |15 to 17 days after G, for late hatching | Sep Phe ae 2H Ry 33 5 ce cS | Seventh. 


second-brood larve and for protec- | 
tion against third-brood larve. 


From the foregoing schedules it will be seen that the first or calyx 


treatment is given in each schedule and that it should be started when | 


about 90 per cent of the petals have dropped, and should be finished 
before the calyces close. The object of this application is merely to 
fill the calyx or blossom end of the fruit so that the worms that 
attempt to enter by way of the calyx will be killed by the poison 
lodged therein. Any spray applied after the calyx cups have closed 
will have no value in checking calyx worms. This application should 
be very thorough, and, for the sake of speed, it is advisable to use a 
spray under a pressure of about 225 pounds. 
Schedule I consists of four cover sprays, the first of which should be 
applied three to four weeks after the calyx application, just previous 
to the time when the first-brood larve begin to hatch. This appli- 
cation will serve to coat the young fruit and foliage with poison as a 
protection against the early hatching worms. The second cover spray 
for the first brood should be applied 15 to 17 days later, just before the 
first-brood larvye hatch in maximum numbers. The first cover spray 
for the second brood should be made 9 to 10 weeks after the calyx 
treatment, just prior to the time when the second-brood larve begin 
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to hatch. The next and last application should be made 34 to 36 
days later, in advance of the hatching of the second-brood larve in 
maximum numbers and for protection against the third-brood larve. 

Schedule IT is similar to schedule I except that five cover sprays 
are used instead of four, the additional application being made for 
the first-brood larve. The second cover spray should be applied 
10 to 12 days after the previous treatment so as to cover the fruit 
just in advance of the hatching of the first-brood larve in large num- 
bers. The next application should be made 10 to 12 days later as a 
means of protection against the late hatching first-brood larve. 

Schedule III includes a total of seven applications, the first four 
being similar to those of schedule Il. But in schedule III, three 
applications should be made for the second and third broods, the first 
of which should be applied 9 to 10 weeks after the calyx treatment, 
previous to the hatching of the second-brood larve. The next 
application should follow in 24 to 26 days, just before the hatching 
of the second-brood larve in large numbers and the last should be 
applied 15 to 17 days later, for late hatching second-brood larve and 
protection against worms of the third brood. 


AVOID PRESENCE OF SPRAY RESIDUE ON HARVESTED FRUIT. 


Orchardists understand the importance of and will naturally give 
attention to the carrying out of any spraying schedule in such a 
manner as to obviate as completely as possible the presence of spray 
residue on fruit prepared for the market. Such residue is objection- 
able to consumers, and while there is little chance of injury resulting 
from its use, there is no necessity under average conditions to spray 
to an extent that results in much spray on the fruit at harvest time. 
A heavy coat of spray residue at harvest time is frequently due to 
an attempt on the part of the grower to protect his nearly ripened 
fruit from an abundance of late hatching worms. This condition 
would not be so common or serious if the proper action and same 
amount of endeavor were directed against the elimination of the first- 
brood worms. | 

During certain seasons of unusual worminess or with particularly 
susceptible varieties, seven treatments may not always give the 
desired results, but. it is believed that in most instances seven 
thorough, well-timed applications will give as good results as can be 
economically obtained in the Grand Valley. 

The foregoing schedules are based on the general average life his- 
tory of the codling moth in the Grand Valley under normal climatic 
conditions. Butif there should occur any unusual departure from the 
normal, a corresponding variation in the development of the insect 
is to be expected, and the schedule of applications should be modified 
accordingly. Small deviations, however, should not cause the fruit 
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grower to abandon his adopted schedule, since a matter of a few days 


one way or the other is not likely to affect the ultimate results to any 


marked extent. : 

Above all, the fruit grower should pay particular attention to 
spraying for the first-brood larve and make every effort to poison as 
many of these as possible. If all of the first-brood worms were 
killed there would be none of the second or third broods with which 
to contend. Upon inspection of their orchards early in the season, 
fruit growers sometimes conclude that there are so few worms pres- 
ent that it is unnecessary to make additional spray applications for 


the first brood. Unfortunately, it is not always realized that the . 


presence of a comparatively few larve early in the season will often 
result in large second and third broods, which frequently will cause 
an enormous loss despite the most thorough subsequent spraying. 
The fruit grower should therefore bear in mind that during the early 
part of the season, while the fruit is small and the skin is not very 
waxy, it is easier to coat it thoroughly with poison and thus kill the 
worms than later in the year when the apples have grown larger 
and the skin has become smoother. Unless the fruit grower makes 
every effort to reduce to the minimum the number of first-brood 
larve, he will have small chance of success against the later broods. 


Neglect to spray with thoroughness and timeliness against the first 


brood of worms can never be economically or successfully overcome 
by sprays applied late in the season. 


SPRAY MATERIALS. 


_ Arsenate of lead at the rate of 1 pound of the powder or 2 pounds of 
the paste to 50 gallons of water is recommended as the most satis- 
factory poison for use against the codling moth. For convenience in 
handling and storing, the powdered product is preferable to the paste. 
Although the experimental data did not always indicate that the 
addition of fish-oil soap to the arsenate of lead spray was of value, it is 
believed, nevertheless, that the use of soap, 2 pounds to 50 gallons, will 
generally increase the efficiency of the spray on account of the spread- 
ing qualities of the soap. Soap, however, should never be used with 
strongly alkaline water. 


SPRAYING EQUIPMENT. 


To spray the orchard as quickly as possible during the critical 
periods, it is recommended that a power sprayer of ample capacity 
and capable of supplying three leads of hose with a pressure of 225 to 
250 pounds be used. In spraying large trees a spray tower, erected on 
top of the outfit, will enable the operator to cover the upper parts of 
the trees more thoroughly. A tank filler is almost a necessity and 
each sprayer should be provided with this device. Itis also important 
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to have well-made hose of sufficient length and hose couplings and 
clamps that will stand the strain of the work without breaking or 
allowing the hose to be forced off during the spraying operations. 

As previously stated, it is believed that the use of spray poles 
equipped with the whirlpool-disk type of nozzles will result in a larger 
percentage of clean fruit than if the short rod and Bordeaux nozzle or 
the spray gun are used. The last two methods of spraying, however, 
will save considerable time and it is therefore a question of the value 
of time against a somewhat greater quantity of fruit free from worms. 
The choice of method will depend upon availability and cost of labor, 
weather conditions, size of orchard, and number of spray machines, 
severity of infestation, vafiety of fruit, and other factors. Under 
some circumstanees the grower may find it an advantage to use the 
spray gun for the calyx application and the first cover spray, changing 
to the poles and finer sprays for the later treatments when the fruit 
is larger and the skin is smoother, more waxy, and more difficult to 
coat with the spray liquid. 


SUPPLEMENTAL CONTROL MEASURES. 
BANDING. 


Despite the most thorough spraying some first brood larve will es- 
cape the poison, and after completing their feeding period within the 
fruit will leave it and spin their cocoons on the tree trunk and later de- 
velop into moths which will in turn produce second-brood larve. Asa 
means of catching these larve the banding method may be practiced. 
This consists of scraping the trunk to remove the loose bark, thus de- 
stroying most of the places where the larve hide, and then placing 
around the trunk a burlap band, folded into two or three thicknesses to 
a width of about 6 inches. These bands should be examined every 10 
days from about the middle of June to August 31, and all of the larvee 
and pup found beneath should be killed. A final examination 
should be made any time after the fruit is harvested. The banding 
method, if properly worked from year to year in conjunction with 
thorough spraying, will gradually reduce the number of individuals in 
the orchard so that a larger percentage of worm-free fruit will be ob- 
tained than with spraying alone. 


CODLING-MOTH TRAP. 


A codling-moth trap has been devised as a substitute for the band- 
ing method. This device will serve the same purpose as banding and 
will obviate the necessity of working the bands during the growing 
season when labor is usually much needed for other duties. While 
the spraying experiments do not indicate any pronounced benefit 
through the use of the codling-moth trap, it should be borne in mind 
that this device was used only one season and then only in a part of 
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each of the orchards; hence there was no chance to determine what 
cumulative effect it might have if used over a series of years and if 
applied to all of the trees in the orchard. Since we have no experi- 
mental data to indicate the cumulative value of the trap the writers are 
not in a position to make any recommendations, but for those who 
wish to give the trap a trial the following method of manufacture is 
suggested. | 
MANUFACTURE. 

The materials needed for the manufacture of the codling-moth 
trap are as follows: Medium to heavy burlap, ordinary black-painted 
or japanned wire screen having 12 meshes to the inch, a folding 
machine such as that used by tinners to fold the edge of tin sheeting, 
and a crimping machine such as that used to reduce the end of stove 
pipe. 

The burlap is cut into strips 6 inches wide and folded into three 
thicknesses by any convenient method. Wetting the burlap will 
make it fold more easily and remain better creased. To assist in 
this, however, it is well to roll the burlap up in flat rolls of any con- 
venient size so that they can be easily handled in the field. 

The wire screen is also cut into strips 6 inches wide and of any 
convenient length, depending on the length of the machine used to 
fold the edges. The edge of each strip should be folded at least 
once, preferably twice, using the folding machine mentioned above 
or any other convenient method. This fold should not be over 
three-eighths to one-half of an inch wide if folded once and not over 
one-fourth of an inch wide if folded twice. It is essential that the 
wire should be folded at least once and preferably twice, as the edges 
can then be crimped much better in the crimping machine and a more 
desirable bulge produced. Both edges of the strip are then run 
through the crimping machine, which should be set to make a fairly 
deep crimp without cutting the wire and about three-fourths to one > 
inch from each edge. This crimp will aid greatly in giving, as stated 
above, a desirable bulge to the wire when it is applied to the tree, 
and further it will allow for the expansion of the tree trunk as it 
grows throughout the season. As the wire comes from the crimping 
machine it can well be rolled up into small rolls, which will greatly 
assist in keeping the crimp intact and also facilitate the manipulation 
of the wire in the field. If the crimping machine mentioned above 
can not be had, some other method, such as tucking the edges, must 
be adopted to give the desired bulge and to keep it away from the 


burlap on the tree. 
APPLICATION. 


The materials needed for the application of the codling-moth trap 
to the tree are as follows: A supply each of burlap and wire screen 
prepared as described above, a supply of slate nails about an inch or 
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more long, 10-ounce bill-posting tacks, tinner shears, a claw hammer, 
tar such as that used for roofing purposes (sometimes called “pitch 
tar’), a melting pot or a small pail conveniently arranged over a 
flame, and a small dauber. . 

The strip of folded burlap is then placed completely about the 
trunk of the tree to be trapped. It may be placed at any convenient 
height between the lowest limb and the ground, and an overlapping 
of an inch or two should be left to allow for the expansion of the tree. 
The loose bark should be scraped from the trunk, lower branches, 
and the crotches of each tree on which the codling-moth trap is ap- 
plied in order to destroy as many places as possible where the codling- 
moth larva might spin its cocoon and there transform to the adult 
or moth stage. The burlap should be held in place by slate nails 
about an inch in length driven in at several points around the tree 
trunk so that the head projects not less than half an inch beyond the 
burlap, preferably three-fourths of an inch. This is essential in 
order to hold the wire safely away from the burlap at such a distance 
as will prevent the pupe, just before the moths emerge, from wriggling 
up to or through the meshes of the wire and the moths from emerging 
_ on the outside of the trap. 

With the burlap in place and the slate nails in their proper position, 
the wire screen, as prepared above, is ready to be tacked into place. 
Start at any convenient point and in any convenient direction 
around the tree by putting one tack in the corner on the lower edge 
of one end of the wire-screen strip, holding the strip so that the 
burlap band will be in the middle. Then place a tack in the corner 
on the upper edge, shoving down on this edge slightly, so as to spring 
the wire away about 14 inches or more from the tree at this point. 
Proceed around the tree trunk with the wire, holding it so that the 
burlap will be in the center all the way around and placing just 
enough of the 10-ounce bill-posting tacks along the edges of the wire 
to hold it snugly to the tree at all points, particularly where there 
are slight depressions or hollows which can not be sealed over with 
the tar, as outlined below. 

Here care should be taken not to stretch the wire while it is being 
tacked to the tree, as this will pull out the crimp and make the for- 
mation of a desirable bulge rather difficult. Care should also be 
taken while the wire is being tacked into place to push the two edges 
together somewhat in order to increase the bulge already made by 
the crimping. This bulge should be large enough so that the mid- 
dle of the strip will be approximately: 1 inch from the burlap. at 
every point. It is entirely possible to produce a bulge of over 2 
inches, provided the wire is properly crimped and the edges are 
pushed together in the proper fashion. A little practice, however, 
will develop considerable skill along this line. An overlapping of 
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several inches should be left when the wire has been completely fas- 
tened around the trunk of the tree, and this overlapping should be 
stretched slightly over the wire beneath, so as to make a tight joint. 
If, as pointed out above, care is taken to produce a bulge sufficient 
to hold the wire well away from the burlap, to fit the wire snugly to 
the tree and make the overlapping tight, the codling-moth trap will 
remain in perfect operation throughout the season. It will then be 
practically impossible for the pup, just before the moths emerge, 
to work their way up to the wire, allowing the moths to emerge on 
the outside of the trap, a thing which is sure to happen when the 
wire is close to the burlap. 

Care should be taken that there are no openings between the wire 
and the tree trunk through which moths may escape from the trap. 
These can be prevented by placing a thin coating of ordinary roof 
tar over the edges of the trap. This is a very practical and con- 
venient method of making traps moth-tight. The tar can be con- 
veniently melted in a smal! melting pot or pail held over a flame and 
can be applied best by means of a small stick with a bit of cloth on 
the end. Tar can not be applied easily with a. brush. In applying 
the tar, roll the stick or the dauber toward the tree as it is passed 
along the edges of the trap. The tar need not be applied until 
shortly before the time the first moth of the first brood emerges. 


MAINTENANCE. 


When once attached to the tree as outlined above and carefully 
sealed with tar, the codling-moth trap should remain in perfect oper- 
ation throughout the season and should require very little atten- 
tion. In some cases an inspection the following spring to close up ~ 
any holes which may have formed will be sufficient to put the trap 
in condition for another year. 
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